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Eusocial insects with simple societies have no typical morphological castes of totipotent females, and colony social environment determines whether they will become workers or queens (Solís & Strassmann 1990 ). In complex societies like honeybees, workers and queens differ morphologically, with their caste being determined before adulthood, generally by differential feeding (Bourke 1999) .
The swarm-founding polistine belongs to the Neotropical tribe Epiponini (Carpenter 1997) . In Epiponini, species with or without caste morphological differences can both be found (Richards 1978 , Jeanne 1980 . In Polistinae, fi ve main caste forms can be identifi ed: (i) morphological differences between queens and workers are absent in the whole colony cycle; (ii) morphological differences between queens and workers are absent in the whole colony cycle but young females would develop ovaries only in some phases of colony cycle; (iii) morphological and physiological discontinuity between castes are subjected to colony cycle; (iv) castes differences increase according to the colony cycle, and virgin, egg-laying females appear in some phases of colony cycle; and (v) morphological differences between castes are constant and queens are always distinct from workers during colony cycle.
Angiopolybia Araujo is a basal genus on the Epiponini phylogeny (Wenzel & Carpenter 1994 ) that occurs on the rain forests of Ecuador, Colombia, Venezuela, Trinidad, Peru, and Brazil (Richards 1978 , Andena et al. 2007 . Cruz et al. (2006a, b) studied some aspects of the biology and foraging activities of these wasps, like nest site selection, fl ying capacity, daily activity and resource collection. Angiopolybia presents no morphological differences associated with ovary development, which is probably due to a post-imaginal caste determination . A similar pattern was found in some species of Parachartergus Ihering, Pseudopolybia Dalla Torre, Chartergellus Bequaert, Brachygastra Perty, Synoeca Saussure, and Metapolybia Ducke (Mateus et al. 2004 . However, comprehensive studies on caste differentiation on Angiopolybia pallens (Lepeletier) are lacking, and they are made interesting as some species of epiponines can alter the level of caste dimorphism in some species , 2002 . Therefore, we aim at a detailed analysis of caste morphological and physiological differentiation in nine colonies of A. pallens. In order to detect caste morphological differences, the head width (HW), minimum interorbital distance (PML), mesoscutum width (MSW), basal width of tergite II (T2BW), alitrunk length (AL), basal height of basal tergite I (T1BH), length of gastral tergite I (T1L) and partial forewing length (WL) of females were measured under a stereomicroscope. Female mating status and ovary development were examined for all evaluated specimens to allow for caste identifi cation. Female mating status was evaluated by removal of the spermatheca and verifi cation of sperm presence under a microscope. Numerical data were analyzed statistically in relation to the caste, which were determined by the ovarian and spermathecal conditions. Statistical analyses including the canonical discriminant analyses based on discriminant function analyses using the stepwise procedure (CDA : Rao 1973) and comparisons among means (Bonferroni t-test) were performed with Statistica for Windows Software version 7.0.
Materials and Methods

Specimens of
Nest descriptions were made by counting and measuring the combs, the position of the nest in relation to the substrate, material used in nest construction, position of entrance, number of pedicels, orientation of the fi bers and type of substrate.
Results
Nest architecture and colony phase. Four nests were used to study their architecture. All nests were found under leaves, and the entrance was oriented downwards taking the shape of a funnel (Fig. 1A) , and the combs were suspended on the leaves by a central pedicel (Fig. 1B) . The central axis of the nest was in a diagonal to the leaves. The single envelop was directly attached to the leaf skirted the combs. Other combs were suspended by pedicels, both from those above and from the envelope. Two nests had three combs, one had fi ve combs, and another one had six. The largest reached 12 cm in length and 8 cm in width, while the others were 6 cm x 9 cm, 4,5 cm x 8 cm and 5,5 cm x 8 cm in size. Combs were connected to one another by a strong central pedicel and by some auxiliary pedicels. Nest material was a mixture of vegetal fi bers and salivary secretions. The lines of construction were long and compact, forming parallel lines of fi ber.
Colony J1 presented only one comb, few eggs and larvae, and we assumed it was in the pre-emergence phase. The colonies G1, G2, G18, G36, G39 and J2 were in workerproduction phase as they had many eggs, larvae and pupae, while colonies J3 and J4 were in male-production phase.
Ovarian development and contents of the spermatheca.
Four different ovary developmental stages were recognized in the colonies analyzed ( Fig. 2) : stage A -ovaries at the previtellogenic stage, stage B -ovarioles with early vitellogenic oocytes, stage C -ovarioles with the late vitellogenic oocytes, and stage D -ovarioles with post-vitellogenic oocytes. Females with ovaries in stages A, B and C were all virgin, as indicated by their empty spermathecae. Therefore, only females with ovaries at stage D were mated and regarded as queens, while females of ovaries at stage B and C were classifi ed as intermediates, and females at stage A as workers. The frequency distribution of each ovary type is shown in Table 1 .
Morphological differences between castes. Seven colonies differed on some morphological measurements among the different castes (P < 0.05), with no differences being detected for colonies J2 and G1. In colonies where differences among caste were detected, queens were larger than workers and intermediates in a few measurements (Table 2 ). For the other colonies, intermediates and workers did not differ, with exception of G2, in which workers were larger than intermediates in a few measurements (Table 2) . No specifi c body part was signifi cantly different in most of the colonies (Table 3) .
Higher Wilks' lambda values found in all colonies revealed that each character was not a good discriminator, and only a combination of variables could detect any difference (Table 3) . Therefore, despite univariate statistics being signifi cant, the values of Wilks' lambda were always above 0.7, indicating a very low level of discrimination. In fact, Eigen values for the canonical analyses (Table 4) very low separation of the groups because they recover only 29% of the variation in colony G36 and under 18% for the remaining colonies. Plotting the canonical scores, all groups of females determined a priori were collapsed, indicating measurements overlap (Fig. 3) . This indicates the absence of a clear morphological differentiation between the castes. In despite of differences among single means, the capacity of separating queens from workers was almost null. Similarly, the classification analyses (Table 5) were imprecise in discriminating among castes, suggesting that the separation of the three previously defi ned groups (workers, queens and intermediates) cannot be made by size alone.
Discussion
Low caste differentiation is a common trait in the Epiponini, characterizing several genera such as Protopolybia, Fig. 3 . Caste discrimination in the nine analyzed colonies of A. pallens based on the fi rst two canonical roots. Each ellipse encompasses 95% of the variation. Parachartergus, Pseudopolybia, Polybia, Angiopolybia, Chartergellus, and Brachygastra (Mateus et al. 2004, Noll et al. 2004 Table 5 . Classifi cation analyses of the castes in the analyzed colonies of A. pallens.
as previously proposed by Noll et al. (2004) . In addition, the values of the canonic analysis show an overlapping of queens, workers and intermediates in the nine analyzed colonies (Fig. 3) . Colonies with pre-imaginal determination show clear caste separation in the values of CAN1 (Baio et al. 1998; , 2002 Shima et al. 2000) .
Based on the fi ve patterns of caste differences established by Noll & Zucchi (2002) , A. pallens belongs to the fi rst type: queen-worker differences are practically absent and the castes are probably not determined during pre-imago development, but during adulthood instead.
The post-imaginal determination is given by the confl ict between the individuals of the colony (West-Eberhard 1978 , 1981 , and not by their feeding during larval development (Strassman et al. 1991) . For this reason caste morphological differences are practically absent. Colonies of A. pallens are characterized by the presence of intermediates during all the colony cycle and this was verifi ed in all analyzed colonies. The presence of intermediates is related to the low degree of colony dimorphism (Richards 1978 , Mateus & Noll 1997 , Shima et al. 1998 . verifi ed that for Polybia occidentalis, P. scutellaris and P. paulista, the presence of intermediates is related to the cycle of the colony, appearing in the phase of male production. This does not apply to A. pallens, because potentially reproductive females were found in all analyzed colonies. According to West-Eberhard (1978) they will produce their offspring in a next swarm with other queens. Richards (1971) related the intermediates with the production of trophic eggs. The presence of intermediates in all phases of the cycle was verifi ed in Protopolybia exigua and P. sedula (Noll & Zucchi 2002) . In these genera oophagy occurs and intermediates are in charge of laying such eggs (Naumman 1970). Richards (1971) proposed and indirect correlation between the number of queens and the ovarian development in workers. In other words, when there are a few queens we might expect to fi nd more workers with their ovaries developed and when there are several queens the workers are basically sterile. However, the presence of intermediates in colonies with low degree of morphological differentiation is common. In these groups, queens are incapable to regulate workers ovarian development (Noll 2005) .
Phylogenetic analyses of Polistine genera place Angiopolybia as a sister group of Agelaia (Wenzel & Carpenter 1994) . Studies on caste differentiation of Agelaia vicina (Sakagami et al. 1996 , Baio et al. 1998 , A. multipicta and A. pallipes have shown morphological caste differences, being queens smaller than workers in some parts (usually in the head) and larger in others (usually abdomen), with no intermediate females. Clear differences were seen when comparing individuals of the two castes of A. vicina (Fig. 4) , but there were no differences among castes of A. pallens (Fig. 5) . The pattern described for Agelaia was also observed in Apoica (Richards 1978 , Shima et al. 1994 . The presence of morphological castes in both Agelaia and Apoica suggests that pre-imaginal differentiation in these genera originated independently and that Angiopolybia keeps the ancestral character of post-imaginal differentiation.
We can conclude that A. pallens, which belongs to a basal genus of the tribe Epiponini, preserves the post-imaginal caste determination which is the ancestral condition of the social behavior in Epiponini wasps. The post-imaginal determination of castes implies the absence of morphological differences between workers, queens and intermediates.
